E HAVE TO LIVE with some uncertainty in diagnosing and treating lumbar canal stenosis, even though it is one of the most common spinal disorders in people older than 65 years, and frequently causes significant functional impairment. 1 For example:
• Though nearly all people in this age group have radiographic evidence of degenerative disc and joint disease, the incidence of clinically symptomatic lumbar canal stenosis is unknown.
• The diagnosis is largely clinical. Although imaging studies can confirm the diagnosis, they often show abnormalities in people with no symptoms.
• Treatment is mostly empiric. Although lumbar canal stenosis is the most common reason for spinal surgery in this aging population, 2 and accounts for inpatient expenses approaching $1 billion per year, 3 no comparison of surgical vs nonsurgical treatment has ever been done.
Even though most studies show that surgery provides the most benefit over the long term, a substantial number of people improve with nonsurgical therapy, such as physical therapy, analgesics, and NSAIDs. We recommend an initial nonsurgical treatment approach for most patients.
s DEFINITION AND CLASSIFICATION
Lumbar canal stenosis is a narrowing or stricture of the spinal canal, with potential for nerve impingement, which may occur in the central canal, in the lateral recess, or at the neuroforamen. 4, 5 The cause of spinal canal narrowing may be multifactorial. Degenerative changes are typically involved, including facet joint hyper-trophy, ligamentum flavum thickening, and disc bulging and protrusion, alone or in combination. Degenerative spondylolisthesis, a distinct clinical feature characterized by forward displacement of a vertebra due to disc and facet degeneration, is another frequent factor, further compromising the diameter of the spinal canal. 6 The classification of spinal stenosis proposed by Arnoldi, Brodsky, and Cauchoix 6 in 1976 remains useful. In this scheme, based on the presumed etiology, spinal stenosis is classified as either congenital or acquired (TABLE 1) .
Alternatively, spinal stenosis can be classified on the basis of the location of the anatomic narrowing, ie, central canal stenosis or lateral recess stenosis (FIGURE 1).
s CLINICAL PRESENTATION
Recognition of spinal stenosis depends primarily on the description of the leg symptoms. Physical examination occasionally demonstrates neurologic deficits or exacerbation of symptoms with spinal positioning. However, many patients with spinal stenosis have no abnormal findings on examination.
Spinal imaging confirms the clinical impression. Because many people who have no symptoms are found to have radiographic abnormalities, clinical correlation is critical.
History
Spinal stenosis typically affects persons over 50 years of age. 7 It is uncommon in younger people unless they are anatomically predisposed by a congenitally narrowed canal, previous spine trauma or surgery, spondylolisthesis, or even scoliosis.
The classic symptom of central canal stenosis is pseudoclaudication, also known as neurogenic claudication. 1, 3, 4, 7, 8 Patients typically complain of pain, paresthesia, weakness, or heaviness in the buttocks radiating into the lower extremities with walking or prolonged standing, relieved with flexion or sitting. Though many patients have significant lumbar pain due to degenerative joint and disc changes, most have more lower extremity discomfort rather than spinal pain.
The most important aspect of neurogenic claudication is the relationship of symptoms to posture. Symptoms occur with spinal extension and are relieved in flexion. Patients usually have no symptoms or have minimal discomfort when seated or supine. They can walk longer distances with less pain in a forward flexed position, such as when using a grocery cart while shopping (the "grocery cart sign"). They may be able to exercise using a stationary bicycle in the seated flexed position for a much longer time (the bicycle test of Van Gelderen) than when walking in the erect position on a treadmill.
In a review of 68 patients with myelographically proven, surgically confirmed spinal stenosis, 8 the most common symptoms were pseudoclaudication and standing discomfort (94%), followed by numbness (63%) and weakness (43%). Symptoms were bilateral in 68%. Discomfort was felt both above and below the knee in 78%, in the buttocks or thigh only in 15%, and below the knee in 7%.
Historic features correlating most strongly with a confirmed diagnosis of spinal stenosis (likelihood ratio ≥ 2) include age greater than 65 years, severe lower extremity pain, and absence of pain when seated. 9 
Physical examination
The physical examination in patients with lumbar canal stenosis is frequently normal or demonstrates only nonspecific findings.
Many older people have reduced spinal
People with spinal stenosis often assume a forward-flexed ("simian") stance mobility, with or without spinal canal stenosis. Extension is usually more limited than flexion. 10, 11 Patients with stenosis often have lumbar, paraspinal, or gluteal tenderness, probably related to underlying degenerative changes, muscle spasms, and poor posture. Some assume a characteristic "simian stance," with their hips and knees slightly flexed and the trunk stooped forward. 7 This semiflexed posture allows patients to stand or walk for longer distances.
Hamstring tightness is often present and may produce a false-positive straight leg-raise test.
The neurologic examination typically is normal or reveals only subtle abnormalities such as mild weakness, sensory changes, and reflex abnormalities. This is particularly true if the patient has rested in the seated position before the physical examination begins. These subtle findings may be unmasked if the patient is examined after walking until developing leg and buttock symptoms similar to the presenting complaint. 4 Ankle reflexes are diminished in 43% to 65% of patients, while knee reflexes are abnormal in 18% to 42%. 9, 11 The straight legraising test and other nerve root tension signs are usually negative unless there is concomitant disc herniation.
A careful motor examination should be done. Leg weakness is generally mild and overwhelmingly in the distribution of the L4, L5, or S1 nerve roots. Objective evidence of subtle weakness can usually be demonstrated in about 50% of persons with spinal stenosis. 2 Weakness of the muscles innervated by the L5 nerve root is the most common finding, 4 and weakness of great toe extensors (extensor hallucis longus) and hip abductors should be sought, the latter by the Trendelenburg test. 4 The Trendelenburg test is performed by having the patient stand on one leg: if the gluteus medius is not functional or is denervated, the pelvis drops on the side opposite the damaged muscle. This is shown clinically by an abnormal, waddling gait called the "Trendelenburg gait," caused by trying to compensate for a drooping pelvis.
The gait should be carefully observed.
Difficulty in walking on the toes suggests S1 root involvement. Difficulty with heel walking suggests L4 or L5 nerve dysfunction. Sensory abnormalities may be present in 46% to 51% of preoperative spinal stenosis patients. 2, 10 Katz et al 9 found a positive lumbar extension test to be strongly predictive of imagingconfirmed spinal stenosis. This test is performed by asking the standing patient to hyperextend the lumbar spine for 30 to 60 seconds. A positive test is defined by reproduction of the buttock or leg pain.
s CENTRAL CANAL STENOSIS VS LATERAL STENOSIS
Symptoms of pseudoclaudication are associated primarily with central lumbar stenosis. In contrast, patients with purely lateral recess stenosis:
• Usually do not develop symptoms of neurogenic claudication 11 • Typically have radicular symptoms in a specific dermatomal pattern • Often have pain at rest, at night, and with the Valsalva maneuver • Tend to be younger (mean age 41 years) than patients with central canal stenosis (mean age 65 years). 11 
s DIFFERENTIAL DIAGNOSIS
In older patients with back or leg pain, diagnostic possibilities differ from those in younger patients; nonmechanical causes of back pain such as malignancy, infection, or abdominal aortic aneurysm are more common in elderly patients than in younger patients. 12, 13 Malignancy. Red flags that should raise the suspicion of underlying malignancy include significant weight loss, intractable night pain unrelieved by change in posture or pain medicine, or history of malignancy. 14 Infection. Fever with localized back tenderness, recent systemic infection, or history of an invasive spinal procedure should raise the possibility of a spinal infection. 13 Vascular claudication. When evaluating leg pain in the elderly, neurogenic claudication must be distinguished from vascular claudication ( 
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Peripheral neuropathy may also superficially mimic features of spinal stenosis. However, patients with peripheral neuropathy usually have a stocking-glove distribution of pain or paresthesia. There may be a bilateral symmetrical reflex loss. Vibratory sensation is frequently diminished. 4 Numbness is typically constant with peripheral neuropathy.
Hip disease may produce gait difficulty and leg symptoms. A careful examination of the hips and surrounding soft tissue should be done to exclude significant hip arthritis and gluteal or trochanteric bursitis.
s DIAGNOSTIC STUDIES
The diagnosis of lumbar canal stenosis is based on the clinical history and findings on physical examination. Spinal imaging is performed to confirm the clinically suspected diagnosis.
Unless you suspect an underlying systemic illness such as malignancy or infection or are concerned about vertebral compression fracture, imaging is not recommended at the initial visit. In the absence of red flags, imaging should be delayed until the patient has completed a conservative treatment program and when surgical intervention is under consideration.
A reason for this recommendation is that even many people with no symptoms whatsoever have abnormal findings-including spinal stenosis-on imaging studies. 15, 16 In a study of patients age 60 and older who did not have back pain, radicular pain, or neurogenic claudication, magnetic resonance imaging (MRI) was abnormal in 57% of cases, 36% of scans demonstrated disc herniation, and 21% demonstrated spinal stenosis. 16 A plain radiograph may be helpful. A weight-bearing anterior-posterior and lateral film of the lumbar spine is recommended. Although plain radiographs cannot assess the presence or absence of neural compression, they can show evidence of degenerative changes such as disc degeneration and facet hypertrophy, which are suggestive. They may also reveal spondylolisthesis, instability, scoliosis, a vertebral fracture, or other spinal deformities that may contribute to symptoms.
Nevertheless, advanced radiographic studies such as MRI, computed tomography (CT), and myelography for spinal stenosis remain important diagnostic tools. Modic et al 17 compared the sensitivity of MRI, CT, and myelography in surgically confirmed spinal stenosis. The sensitivity of MRI and CT were similar; myelography alone, without subsequent CT imaging, was the least sensitive. When imaging is required, MRI is the first choice, as it is the least invasive and provides excellent neural and soft tissue resolution. When MRI is not possible or feasible, myelography followed by CT (myelo-CT) is preferred.
In most circumstances, an electromyogram/nerve conduction study is unnecessary to confirm a clinical diagnosis of radiculopathy due to canal stenosis. This test is most useful if the history and examination are somewhat atypical or if there is suspicion of peripheral neuropathy.
s NATURAL HISTORY IS USUALLY BENIGN
Data on the natural history of lumbar canal stenosis are limited. Anecdotally, the clinical course varies considerably. In most patients, the course is chronic and benign. 18, 19 A study of 31 patients with spinal stenosis followed for a mean of 49 months found that symptoms remained unchanged in 70%, improved in 15%, and worsened in 15%. 19 Cauda equina syndrome, defined as compression of the lumbar nerves in the central canal causing sensory and motor deficit, saddle anesthesia, and bowel and bladder dysfunction, is rare. It occurs in the setting of a massive central disc herniation or a burst fracture with retropulsion of fragments, or very rarely as a complication of spinal stenosis surgery. 20 It may also occur in moderate stenosis with a superimposed herniated disc. Many symptomfree people have abnormal spinal MRIs up varied considerably, and the outcome measures were not consistently described. [20] [21] [22] [23] [24] [25] [26] [27] [28] Though similarly flawed, a number of studies also reported that nonsurgical management is effective. 8, 19, [29] [30] [31] [32] [33] One nonrandomized comparison suggested that 60% of surgically treated patients improved, compared with 30% of those treated nonsurgically. 25 Improvement was measured by walking capacity, level of pain, and use of analgesics. The follow-up was 31 months in the nonsurgical patients and 53 months in the surgical patients.
s TREATMENT OF LUMBAR SPINAL STENOSIS
Findings: one third of the surgically treated patients and one half of the nonsurgical patients still had neurogenic claudication at the end of follow-up. By visual analogue scale estimation, 60% of the surgically treated patients and 33% of the nonsurgical patients felt better; 58% of the nonsurgical patients were unchanged.
A nonrandomized prospective cohort study over 10 years concluded that the outcome was most favorable with surgical treatment; however, a substantial number of patients also responded to conservative (ie, nonsurgical) treatment. 18 Though 70% of conservatively treated patients reported satisfactory results at 6 months, at 4 years this number had declined to 57%. The authors concluded that an initial nonsurgical approach was advisable for most patients.
s NONSURGICAL MANAGEMENT
Components of nonsurgical treatment may include activity restrictions, physical therapy, analgesics, anti-inflammatory medications, lumbosacral orthoses, epidural injection, and calcitonin. These therapies have not been compared in any randomized controlled trial, and there is considerable variability among practitioners in their use.
A reasonable approach is to use a stepwise treatment pathway that progresses from least invasive treatments (activity modification, orthoses, physical therapy) to most invasive (epidural injection). 34 
Physical therapy
Although physical therapy is often the first recommended form of treatment for persons with spinal stenosis, few studies have closely examined the effect of specific exercise programs on functional outcome.
Generally, active exercise in the form of stretching, strengthening, or aerobic fitness training is recommended. Active exercise may help increase lumbopelvic muscular stabilization, maintaining better posterior pelvic tilt. 35 It may also help by improving cardiovascular conditioning and enhancing "soft-tissue function" (strength and flexibility of muscles, ligaments, and tendons).
In an uncontrolled prospective trial, 36 we examined the effects of a McKenzie-based exercise approach in 36 patients with spinal stenosis. The McKenzie approach consists of developing a set of patient-specific exercises based on the response of the individual symptoms to repeated end-range spinal movements in various planes and correcting postural deficiencies. 37 Significant improvement was defined as at least 50% improvement in at least two of four outcome variables at 12 weeks: pain score, Roland disability score, walking distance, and standing time. The results suggest that, at least in some patients with symptomatic spinal stenosis, an active, customized physical therapy program may produce significant benefit.
Exercises that encourage lumbar flexion and flattening of the lumbar lordotic curve can be of a clinical benefit to patients suffering from lumbar spinal stenosis. Physical therapy may be prescribed with the goals of improving strength, endurance, and flexibility.
NSAIDs and analgesics
Nonsteroidal anti-inflammatory drugs (NSAIDs) and analgesics are sometimes used to treat symptoms of spinal stenosis, though comparative studies demonstrating efficacy in this patient group are not available.
In addition, many patients with spinal stenosis are at relatively high risk for NSAID toxicity in view of their age and comorbid medical problems, such as hypertension and cardiovascular disease. Furthermore, there is no clear rationale for an anti-inflammatory agent in most patients with degenerative spinal stenosis.
Studies comparing acetaminophen and ibuprofen or naproxen in degenerative arthriThere is usually no clear rationale for an NSAID in degenerative spinal stenosis tis of the knee have not demonstrated significant differences in outcome, but similar trials have not been conducted in patients with lumbar canal stenosis. 38 In the absence of data to show that NSAIDs are superior to simple analgesics such as acetaminophen, the risk of NSAID toxicity is the determining factor in therapeutic decision-making. NSAIDs are strongly contraindicated in patients with a history of congestive heart failure, peptic ulcer, or kidney disease. If an NSAID is used, frequent clinical and laboratory monitoring for adverse renal or gastrointestinal reactions is mandatory.
Long-term opioid therapy should be considered in some patients with spinal stenosis who have had an unsatisfactory response to other medical therapies and who are not surgical candidates. Comorbidity and frailty may limit the usefulness of physical therapy and NSAIDs and increase the risk of surgical therapy, particularly in older patients. In such patients, a careful trial of low-dose opioids is reasonable, 39 with the following caveats:
• Assess for pain control and functional improvement, ie, in walking, standing, and self-care activities.
• The possibility that chronic use of opioids may adversely affect cognition, particularly in the older patient, is not well studied. Until you can establish that an older patient is not experiencing any cognitive deficit, he or she must be advised to avoid driving and take measures to prevent falls and accidents.
• Constipation is a universal side effect of opioids, and a preventive program should be initiated at the onset of opioid therapy.
• Though physical dependence occurs with long-term opioid therapy, addictive behavior is exceedingly rare, particularly in this subset of patients. 40 Calcitonin Several small clinical trials reported beneficial effects of calcitonin in patients with spinal stenosis. [41] [42] [43] [44] Improvement in both pain and walking tolerance has been described. The beneficial effects were usually apparent within 4 to 6 weeks.
However, a recently completed doubleblind, randomized, placebo-controlled trial Though calcitonin's mechanism of action is unknown, some speculate that it acts nonspecifically by raising the level of endogenous opioids (beta endorphins). 45, 46 Alternatively, others have suggested that calcitonin may improve symptoms by enhancing circulation to an ischemic cauda equina. 42 Flushing or nausea, the two main side effects, are seen in fewer than 5% of patients treated with calcitonin.
Epidural corticosteroid injection
Though epidural steroid injection is often suggested for control of severe radicular symptoms in patients with spinal stenosis, data supporting its efficacy are lacking.
Ciocon et al 47 did evaluate the effectiveness of caudal epidural injection in elderly patients with spinal stenosis and concluded that significant pain relief could be achieved. Based on a five-point rating scale, pain improved from a mean of 3.4 to 1.5 and was relieved for up to 10 months.
In most other studies of epidural corticosteroid injection, patients with spinal stenosis were intermingled with patients with other radicular syndromes, making it difficult to assess the outcomes. No randomized controlled trial has been performed.
s SURGICAL TREATMENT: WHEN CONSERVATIVE THERAPY FAILS
Lumbar canal stenosis is the most frequent indication for spinal surgery in patients older than 65 years. Surgery is usually recommended when symptoms, particularly pseudoclaudication, fail to respond adequately to nonsurgical care. Surgery is almost always elective, as cauda equina syndrome is extremely rare in degenerative spinal stenosis. A variety of surgical techniques are used, including decompressive laminectomy, with or without instrumented or noninstrumented fusion, and laminotomy. 48, 49 Microsurgical techniques are employed in an effort to reduce surgical morbidity in a frequently high-risk patient group.
Reported success rates of surgery vary considerably in uncontrolled trials. 11, [50] [51] [52] [53] [54] [55] [56] Reoperation rates as high as 21% have been reported. 11, 57 Across the country, rates of lumbar spine procedures for spinal stenosis vary by as much as 50%. 49 Randomized prospective controlled trials of surgical vs nonsurgical treatment are not available. Most nonrandomized comparisons suggest an advantage in surgically treated patients, at least in the short term. However, up to one third of patients treated nonsurgically also do well. Data comparing the outcomes of patients who underwent surgery earlier vs later in the disease suggest no difference in outcome. 58 The recent Maine Lumbar Spine Study, 58 a nonrandomized study comparing surgical and nonsurgical management of spinal stenosis, found that stenotic symptoms improved significantly more often in surgically treated patients than in conservatively treated patients, and that most surgically treated patients would again choose surgery.
